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Abstract

Does the impact of environmental regulation differ by plant vintage and technology? We
answer this question using annual Census Bureau information on 116 pulp and paper mills
vintage, technology, productivity, and pollution abatement operating costs for 1979-1990.

We find a significant negative relationship between pollution abatement costs and
productivity levels. Thisisdue aimost entirely to integrated mills (those incorporating a pul ping
process), where a one standard deviation increase in abatement costs is predicted to reduce
productivity by 5.4 percent. Older plants appear to have lower productivity but are less sensitive
to abatement costs, perhaps due to 'grandfathering’ of regulations. Mills which undergo
renovations are also less sensitive to abatement costs, although these vintage and renovation
results are not generally significant. We find similar results using alog-linear version of athree
input Cobb-Douglas production function in which we include our technology, vintage, and
renovation variables.

Sample calculations of the impact of pollution abatement on productivity show the
importance of alowing for differences based on plant technology. In amodel incorporating
technology interactions we estimate that total pollution abatement costs reduce productivity
levels by an average of 4.7 percent across al the plants. The comparable estimate without
technology interactionsis 3.3 percent, approximately 30% lower.
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1. Introduction

Does the impact of environmental regulation differ by plant vintage and technology? In
other words, can plants of different ages and which employ different technologies more easily
comply with environmental regulation than others? To answer this question we use annual
Census Bureau information on 116 pulp and paper mill's vintage, technology, productivity, and
pollution abatement operating costs over the time period 1979-1990.

Previous research on the impact of environmental regulation on productivity can be split
into two groups: growth accounting studies and econometric studies. Growth accounting studies
use estimates of compliance costs to calculate productivity effects (see Dension [1979]) and
typically find only a small impact on productivity because compliance costs are a small share of
total costs. On the other hand, econometric studies like Gollop and Roberts (1983) use plant-
level data, and Gray (1986,1987) and Barbera and McConnell (1986) use industry-level datain a
more formal multiple regression framework to test for regulation's impact on productivity. These
econometric studies generally find significant negative impacts of regulation on productivity,
although not always very large ones.

Our study builds upon earlier work by Gray and Shadbegian (1995) which finds a
significant connection between pollution abatement costs and productivity at plantsin the steel,
oil, and paper industries. Gray and Shadbegian find alarger impact than would be expected in a
simple growth accounting framework. In particular, at paper mills, $1.00 of abatement costs
trandlated into the equivalent of $1.80 or more in lower productivity. For oil the estimated

impacts were smaller than those for paper, $1.40; for steel they were larger, approximately $3.30,



but more variable across specifications. These results suggest that estimates of the economic
impact of regulation based on reported abatement costs may be understated. They also indicate
that regulatory burdens differ across industries, not only because they face different abatement
costs, but also because a given amount of abatement costs has different impacts across industries.
Therefore, policy-makers should evaluate the impact of environmental regulation on an industry-
by-industry basis, to avoid substantial under- (or over-) estimates.

In this paper we take the analysis further, by looking at differencesin the impact of
environmental regulation across different plants within a single industry. We concentrate on the
pulp and paper industry for a number of reasons. First, the industry isamajor polluter, with both
air and water pollution concerns, and it spends more on pollution abatement than most other
manufacturing industries. Second, the plantsin the industry operate a variety of production
technologies, differing substantially in the pollution they generate. Finaly, asignificant and
stable negative relationship between abatement costs and productivity was found by Gray and
Shadbegian (1995), suggesting the possibility of finding significant differences across paper mills
of different vintages and technologies.

Using a Census Bureau panel dataset on 116 pulp and paper mills, we find a significant
negative relationship between pollution abatement costs and productivity levels, which is almost
entirely due to mills which incorporate a pulping process -- these mills are referred to 'integrated
mills. Sinceintegrated mills aso have higher abatement costs (twice as large as their
non-pul ping counterparts), the predicted impact of regulation on productivity for integrated mills
isespecially large. For example, a one standard deviation increase in abatement costs at an

integrated mill is predicted to reduce its productivity level by 5.4 percent. The results for vintage



are generally not significant, with some indication that older plants have lower productivity but
are dightly less sensitive to abatement costs, perhaps due to 'grandfathering' of regulations.
Lastly, mills which have recently undergone alarge renovation are less sensitive to abatement
costs, although these results are also not generally significant.

We a'so examine the impact of abatement costs using a production function model. We
estimate alog-linear version of athree input Cobb-Douglas production function in which we
include our technology, vintage, and renovation variables. The results for PAOC and its
interactions with technology, vintage, and renovation are similar to those found in the earlier
tables: controlling for the contributions of inputs, output islower in plants with greater abatement
costs, with nearly al of thisimpact concentrated in integrated mills.

Sample calculations of the impact of pollution abatement on productivity show the
importance of alowing for differences based on plant technology. In amodel incorporating
technology interactions we estimate that total pollution abatement costs reduced productivity by
an average of 4.7 percent across al the plants. The comparable estimate without technol ogy
interactions is 3.3 percent, approximately 30% lower. Our results also suggest that increased
regulatory stringency might affect industry structure, if higher abatement costs put integrated
mills at a competitive disadvantage.

Section 2 describes paper industry technologies and how they are affected by regulation,
along with amodel of the impact of regulation on productivity. Section 3 describes the data used

in the analyses. In Section 4 we present the results, with concluding remarks in Section 5.



2. Paper Industry Productivity and Environmental Regulation

Over the past thirty years, environmental standards in the U.S. have grown increasingly
more stringent, with frequent changesin the level of pollution control required. Before 1970
environmental regulation was done primarily by state and local agencies -- for the most part
without very serious enforcement mechanisms. With the establishment of the Environmental
Protection Agency in the early 1970s, and the passage of the Clean Air and Clean Water Acts, the
federal government took alead role in regulation, imposing more stringent regulations with
correspondingly stricter enforcement. Since the early 1970's, regulations have been tightened,
with some shiftsin emphasis from basic air and water quality in the 1970s to toxic chemicalsin
the 1980s.

Increased regulation has led to substantial increases in pollution abatement spending,
nearly tripling from 0.3 percent of total manufacturing shipmentsin 1973 to 1 percent in 1993.
However existing productivity measures do not distinguish between abatement spending and
other production costs, thus they will tend to reduce 'measured’ productivity. Productivity isa
ratio of output to inputs, so if one plant has 2 percent higher costs due to pollution abatement, it
would be expected to have 2 percent lower productivity (Gray 1987). This proportional
mismeasurement is the basis for the analysis used in Gray and Shadbegian (1995) where a plant's
productivity level isregressed on its abatement costs as a share of total cost -- the 'expected'
coefficient on abatement costsis-1. A larger (more negative) coefficient would indicate that the

abatement cost numbers understate the 'true’ abatement costs for the pl ant." If certain types of

! For this estimation to exactly capture the effects of mismeasurement, the unmeasured part of
abatement costs needs to be proportional to the measured abatement costs.



plants have more complicated abatement problems, we might expect to find their productivity
especially sensitive to their pollution abatement costs.

The paper-making process is a heavily polluting one, generating both air and water
pollution. Thefirst, and dirtiest, stage of the process is pulping, where some source of fiber
(ranging from trees and wood chips to recycled cardboard or waste paper) is treated to separate
out the fibers, bleached in some cases to increase whiteness, and mixed with water to form a
dlurry. Inthe second stage, this slurry (more than 90% water at the start) is deposited on a
rapidly-moving wire mesh which then passes through a series of dryersto remove the water and
create a continuous sheet of paper.

From the standpoint of environmental impact, the pulping stage provides most of the
pollution, and most of the differences across plants. If the plant uses raw wood for input, the
fibers must be separated from the lignin that binds them together; this can be done chemically,
mechanically, or with various combinations of heat, pressure, and chemicals. If the plant uses
recycled cardboard or paper, it is easier to separate the fibers, but there can be other waste
material in the input stream, generating sizable amounts of sludge with its own disposal
problems. The paper-making process has smaller pollution problems, with less variation across
plants: air pollution associated with a power-generating boiler (needed to create steam for the
dryers) and water pollution from residual fibers remaining in the water as the paper is dried.
Therefore, we will focus on the distinction between integrated mills and non-pul ping plants as
the key technology difference across plants.

Over time, the paper industry has substantially reduced its pollution. Nearly all plants

have installed secondary treatment of wastewater, reducing traditional forms of water pollutants.



Plants with boilers have generally installed el ectrostatic precipitators to reduce particul ate
emissions, and scrubbers to reduce sulfur dioxide emissions. In addition to these 'end-of-pipe
controls, the material flow through the plants has been more closely controlled, with fibersin the
wastewater being recovered and reused, and exhaust gases from the pul ping and bleaching stages
being captured and treated. The recapture of fiber may provide a net economic benefit to the
plant, in addition to the pollution reductions.

Once aplant isin operation, it is very difficult to change the production process. For
example, older plants generally have problems with recapturing fiber from the waste stream
(some early paper mills were built over water with holesin the floor so that spills could be
‘conveniently' disposed of!). In any plant, changing the chemistry in one part of the process can
change the capacity requirementsin another area’ These problems, expected to be most serious
in plants that were designed before environmental concerns were prominent, may be partially or
completely offset by the tendency for regulations to include grandfather clauses which exempt
existing plants from the most stringent regulations. For example, air pollution regulations apply
stricter New Source Performance Standards only to new or substantially renovated plants.
Several authors have noted the possibility that such regulations may have perverse effects on
total emissions, discouraging investment in newer capital, both in electric power generation and
automobiles.

Based on the above discussion, we would expect plants that incorporate some pul ping

2 For example, installing oxygen delignification (reducing the need for chlorine bleaching) in one plant
would increase the flow of waste material to arecovery boiler by 3 percent. Because the recovery boiler
was designed to match the capacity of the rest of the process, the plant would either need to spend tens of
millions of dollars for anew recovery boiler, or accept a3 percent reduction in pulp production.



process starting with raw wood to have higher abatement costs than plants with only the paper-
making part of the process -- this might or might not translate into alarger impact per dollar of
abatement costs. We also expect older plants to be less productive -- they might have more
difficulty meeting a given standard, leading to higher abatement costs, but grandfathering could
reduce or eliminate this difference.

To describe the model more formally, let TFP: and PAOCi: represent the total factor
productivity level and pollution abatement spending level in plant i at timet, with technology and

vintage variables Xi:

(DTFP:= ai+ BPAOCi+ Zi Yy Xik T Xk O Xik PAOCi + A, + & -

The X variablesin this equation are all dummies, and the lack of atime subscript reflects their
inherently cross-sectional nature. Equation (1) is estimated in both levels and first-differences,

where first-differencing controls for the plant-specific fixed effects (4;). All modelsinclude
time effects (A;). The technology and vintage X variables are fixed, therefore they drop out of

the first-differenced estimations, but the X* PAOC terms remain; this allows for different impacts
of PAOC on productivity for each technology or vintage group. A negative ) coefficient
indicates a technology (or vintage) with lower productivity. A negative O coefficient indicates a
technology (or vintage) whose productivity is more sensitive to abatement costs, or for which

abatement costs are especially understated.?

® The symmetry between sensitivity and mismeasurement is really amatter of definition, since
the same result (lower than expected output for plants facing higher pollution abatement efforts)
would arisein each case.



The productivity levels TFP;; are the residuals from a three-input production function
model, in which output levels are regressed on labor, capital, and materials inputs -- this
specification is described more fully in Gray and Shadbegian (1995). Our productivity measures
are similar to those that would be obtained from a growth accounting framework, calculating
factor cost shares rather than estimating coefficients econometrically. The productivity
regressions are done in log form, expressed relative to a base of 100, so adifference of 10in
TFPit can be interpreted as a 10 percent difference in productivity levels.

An alternative method for testing the impact of pollution abatement costs on productivity
comes through production function estimation. We use a simple Cobb-Douglas production
function, comparable to the one used to calculate the productivity measure TFP in equation (1).
Output (Q) isafunction of three inputs (1P): labor, capital, and materials. The technology and

vintage dummies (X;) are still alowed to interact with PAOC.

(QQy= ai*+ BPAOC+ Xy Vy Xik+ 2k O Xik PAOCi + X, @, IPj+ A+ &y

Equation (2) is also estimated in both levels and first-differences.

3. Data and Econometric Issues

The basic data for the project comes from the Longitudinal Research Database (LRD)
which contains information on manufacturing plants from the Census of Manufacturers and
Annual Survey of Manufacturers linked together for individual plants over time (for amore
detailed description of the LRD data, see McGuckin and Pascoe (1988)). Our data set consists of

116 pulp and paper plants with continuous data over the 1979-1990 period -- this data set
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provides the productivity measure (TFP) used in our basic analysi st

We aso use information from the LRD for the production function analysis. The value of
shipments is adjusted for inventory changes and deflated by the industry price of shipments
(using the paper industry deflator from Bartelsman and Gray [1996]) to measure a plant's output.
Three inputs are used: labor, capital, and materials. Labor is measured in terms of worker hours,
using production worker hours and assuming non-production workers work 2000 hours per year.
Nominal materials and energy expenditures are divided by an industry price index to put themin
real terms. A real capital stock measure is constructed from an examination of year-to-year
variations in book value, incorporating data on new investment in the plant and retirements of
existing capital >

We combine this productivity data with other Censusinformation. The Pollution
Abatement Costs and Expenditures (PACE) survey, conducted annually by the Census Bureau,
provides annual abatement cost data from 1979 to 1990.° Weusea plant's pollution abatement
operating costs divided by its shipments to summarize the plant’ s pollution abatement
expenditures (PAOC).7

We use detailed information on plant output from the LRD to ascertain whether or not a

*The plants are classified in either SIC 2611 (pulp) or 2621 (paper), depending on which
accountsfor alarger part of the plant's shipments.

> For adetailed description of thistechnique see Doms (1996).
®No survey was done in 1987 for budget reasons, and we interpolate that year's data.

’ To avoid year-to-year variation in shipments, we use the peak two years of shipments from the
sample for the denominator. Some plants have afew years of missing data for pollution abatement
costs, but these are interpolated, based on their values for surrounding years.
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plant has pulping technology (PULP). LRD data on annual investment spending is used to create
two capital-vintage variables: RENOV and OLD. RENQV isa'recent major upgrade’ dummy
variable -- thisis defined as having total new investment over atwo-year period exceeding 80
percent of the plant'sinitial capital stock, and remains 'turned on' for three years after the
investment. OLD isadummy variable indicating if a plant opened before 1960.2 We chooseto
present the results for a single dummy (OLD) for several reasons. First, our sample includes
some very old plants, likely to heavily influence any linear (or non-linear) age specification.
Second, concern with environmental issues was not prominent before the 1960s. Third, in earlier
analyses we explored splitting OLD into three time period dummies. Each of the three periods
had the same sign, as did their interactions with PAOC, though there was some variation across
the three time periods coeffici ents.”

We employ avariety of estimation methods, beginning in each case with ordinary least
squares. We then estimate the model in first-differences, to control for plant-specific fixed
effects. Estimation using first-differencesis desirable on theoretical grounds, since this
minimizes the possibility of unmeasured plant characteristics biasing the other coefficients.
However, some of our coefficients of interest are purely cross-sectional, such as plant vintage, so
they drop out of the first-differenced models. Other variables may have limited within-plant
variation, providing little information for the first-differenced models to work with, and possibly

exacerbating problems with measurement error. Another problem isthe possibility of the

® Wewould like to thank John Haltiwanger who developed the plant age data based on LRD
data.

¥ These results are available from the authors. Some of the individual age dummy coefficients
may not be 'disclosable’ (outside the Census Bureau), due to the Census Bureau's disclosure rules.
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endogeneity of PAOC, either in terms of levels or first-differences. We are limited by the lack of
clearly exogenous (and time-varying) instruments to explain differences in PAOC, so we use a
Generalized Method of Moments (GMM) model suggested by Arellano and Bond (1991), which
incorporates all possible lagged levels and differences of the endogenous variablesto serve as

instruments for the current values of the endogenous variables in the model 0

4. Estimation Results

Table 1 presents summary statistics for all the variables used in the analysis. Slightly less
than half the plants in the sample have a pulping process (PULP). Almost all plants were opened
before 1960 (OLD), with over athird of the observations falling within three years of amajor
renovation (RENOV). We also find sizable differences in pollution abatement spending between
the different subgroups of plants. The largest differenceisfor PULP: plants with pulping
facilities spend twice as much as those without pulping. Plants started before 1960 (OLD), or
undergoing a recent renovation (RENOV) also have somewhat higher abatement cost spending
(although the precise figures cannot be reported here due to Census Bureau disclosure rules).
Abatement costs are expressed relative to the plant's shipments, therefore these PAOC

differences are not smply due to differences in the scale of different types of plants.

Table 2 examines the relationship between productivity and the technology measure
(PULP), using OL S and first-differenced estimates of equation (1). First, we see a strong pattern

of year effects throughout the models. The coefficients appear different across the three sets of

" Other papers using this technigue include Black and Lynch (1996), Arellano (1995), and
Arrelano and Bover (1995).
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models (OLS-levels, OL S-differences, and GMM-differences), but this reflects differencesin
specification and base years. The OLS-levels models (2a -2b) show that the highest levels of
productivity were in 1983, 1985 and 1986, and the lowest levelsin 1980, 1989, and 1990.
Severa years show large changes in coefficients between years, falling for 1979-1980, 1986-
1987, and 1987-1988 and rising for 1982-1983 and 1984-1985. When we moveto OLS-
differences these changes in coefficients (from 2a-2b) become the coefficients themselves (in 2c-
2d), and are all positive because the base difference, 1979-1980, is the largest negative value in
the period. Finally, the GMM-differences model drops the first year of datain creating
instruments, so the base difference is now 1980-1981, which is dlightly positive, making the year
dummy coefficients in models 2e-2f more negative than those in 2c-2d, though with similar
relative coefficients. The year effects are consistent across al of the remaining tables, so they are

omitted from later tables to save space.

We note that plants with higher abatement costs have lower productivity levels, for both
the estimators. Theimpact is about —2.2, substantially larger than the expected -1.0 for the OLS
model estimated in levels (2a). Going to first-differencesin OLS reduces the coefficient to just
under —1 (model 2c). When we moveto a GMM specification of the first-differenced model, the
coefficient returnsto the higher level of the OLS-level specification (model 2e), suggesting that
some of the drop in the PAOC coefficient in model 2c may have been due to endogeneity (and
corrected for by the GMM instruments). Using the smplest OL S results, a one standard
deviation (1.162) increase in PAOC (model 2a) is predicted to reduce a plant's productivity level
by 2.9 percent. We aso see significant differences in productivity levels across technol ogies:

integrated mills have significantly higher productivity levels -- approximately 10% higher.
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Our main focus here is on the interaction between abatement cost and technology. Plants
including a pulping process (integrated mills) show a significantly larger impact of abatement
costs on productivity than plants without a pulping process. Note that even the first-differenced
model, which indicates arelatively small impact of abatement costs on productivity, shows a net
effect of abatement costs on productivity of -1.93 for integrated mills (model 2D). In fact, the
evidence suggests that virtually all of the estimated relationship between abatement costs and
productivity comes from integrated mills, since the PAOC coefficient is no longer significantly
negative after the PULP interactions are included (even becoming significantly positivein the
first-differenced models).

The predicted impacts of PAOC on productivity for integrated mills are quite large. A
one standard deviation increase in PAOC for an integrated mill in the ssmplest OLS model (2b) is
predicted to reduce the plant's productivity by 5.4 percent (-4.51* 1.19). The corresponding
figures for the first-differenced OLS and GMM models are 2.3 and 4.7 percent, respectively. The
estimated impacts of PAOC on non-integrated mills are much smaller, and even turn surprisingly
positive in the first-differenced models.

A second way to measure the importance of allowing for differencesin impact across
plants with different production technologies is to calculate the total impact of pollution
abatement costs on productivity at the average plant. For model 2a, thisinvolves multiplying the
mean value of PAOC (1.493) timesits coefficient (-2.194) for atotal impact of 3.3 percent lower
productivity levels. For model 2b, we must distinguish between integrated mills and non-
integrated mills. Theimpact of PAOC for integrated millsis larger than for non-integrated mills

for two reasons: the mean value of PAOC is higher for integrated mills (2.035 vs. 1.037) and the
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estimated marginal impact of PAOC islarger for integrated mills (-4.51 vs. -0.751). Therefore
the total impact of PAOC on integrated and non-integrated millsis to reduce productivity by 9.2
percent and 0.8 percent respectively. Averaging the total impacts for the two types of plants,
weighted by their shares in the population (45.7 percent integrated), we get atotal estimated
impact on industry productivity of 4.6 percent. Thisis substantially larger than the 3.3 percent
impact estimated without allowing for different impacts. 1

Table 3 looks at the relationship between plant vintage and productivity. We find that
plants born before 1960 are less productive than newer plants -- 10% to 11% less productive.
Again, we are more interested in the interaction between OLD and PAOC, which is generally
positive across the different specifications, but not significant. The positive coefficient suggests
that older plants are less seriously affected, ,uer_doLLar_oJ‘_abat_emem‘_(:nsts.12 When we include
PULP and PULP*PAOC (models 3b and 3d), the results for OLD remain fairly similar. The
results for PULP and PULP*PAOC are amost identical to those found in Table 2.

We must be careful when interpreting these results, because we cannot distinguish
between mismeasured abatement costs and reduced productivity of other inputs. One
interpretation of the resultsisthat older plants are grandfathered, and therefore are not required to
meet such stiff regulatory standards as newer plants — enough to offset the presumed greater
difficulty for older plants in changing their production processes to comply. Another

interpretation of the resultsisthat older plants tend to do more of their pollution abatement with

" The GMM results, in contrast, show rel atively little difference between the two impact estimates.

12 Although older plants have higher mean abatement costs, their smaller coefficients more than
outweigh this, and the overall impact of abatement costs (mean* coefficient) is smaller for older plants.
As noted earlier, we cannot report the precise numbers due to Census disclosure rules.
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end-of -pi pe methods (water treatment plants and scrubbers on smokestacks), which are easier to
measure. Thus, if newer plants choose to make (or are required to make) more change-in-
production-process expenditures, and these expenditures are harder to measure than end-of-pipe
ones, we could have a greater mismeasurement of abatement costs in newer plants, leading to a
larger (more negative) PAOC coefficient for them.

In Table 4, we add RENQOV to the models, identifying those plants which receive large
additional investments during the period. Newly-renovated plants show significantly smaller
impacts of PAOC on productivity (a positive interaction term) in the OLS models, athough this
effect goes away in the first-differenced models. To the extent that thereis areal difference, it
may indicate that newly-renovated plants have fewer problems complying with environmental
regulations, or that they are better able to measure their pollution abatement costs. Adding OLD
and PULP dummies and interaction terms gives similar results to Tables 2 and 3 -- higher
productivity levels for integrated mills, lower productivity levels for older plants, negative
interactions for PULP*PAOC, and positive interactions for OLD*PAOC. However, the only
consistently significant effect is the PULP* PAOC interaction.

Tables 5-7 present the same sets of analyses, but now instead of using a previously
estimated productivity index, we estimate a Cobb-Douglas production function (log-output as a
function of log-inputs) along with the technology, vintage, and renovation variables by both OLS
and first-differences. The methods give somewhat different results for the contribution of
individual inputs. The OLS version (5a) generates coefficients (.69 for materials, .19 for labor,
and .12 for capital) that are quite similar to the input cost shares that would be used in growth

accounting calculations (.71, .17, and .12 respectively), with estimated returns to scale of 0.994.
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The first-differenced results are quite different, with the estimated capital coefficient near zero,
and overall returns of scale about 0.92. This supportsthe finding in past research that it is
difficult to identify the positive contribution of capital to output using year-to-year fluctuationsin
capital within pl ants.” The results for PAOC and its interactions with technol ogy, vintage, and
renovation are similar to those found earlier: controlling for the contributions of inputs, output is
lower in plants with greater abatement costs, with nearly all of thisimpact due to integrated
mills. The positive interactions of OLD and RENOV with PAOC are more consistently positive
than they were in the earlier tables, but are still generally not significant. Thisreinforces the
importance of controlling for differencesin production technology (and possibly other plant
characteristics) when estimating the impact of environmental regulation on plantsin agiven

industry.

5. Conclusions

The relationship between pollution abatement costs and productivity shows some
differences by plant vintage and production technology. We provide evidence that, on average,
pulp and paper mills with higher abatement costs have significantly lower productivity levels.
We aso find that the relationship between abatement costs and lower productivity is amost
entirely due to integrated mills, which show a much larger margina impact than non-pulping
mills. Integrated mills also have much higher abatement costs, therefore the predicted impact of

regulation on productivity for integrated millsis especially large. For example, a one standard

13 See Griliches and Mairesse (1995) for a discussion of the effect of fixed-effects estimation on
production function estimation.
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deviation increase in PAOC for an integrated mill is predicted to reduce the plant's productivity
level by 5.4 percent.

Sample calculations of the impact of pollution abatement on productivity show the
importance of alowing for differences based on plant technology. In amodel incorporating
technology interactions we estimate that total pollution abatement costs reduced productivity by
an average of 4.6 percent across al the plants. The comparable estimate without technol ogy
interactions is 3.3 percent, approximately 30% lower.

Our results for other plant characteristics are not generally statistically significant. We
find some differences in productivity level by vintage, with older plants having lower
productivity, but being somewhat less sensitive to abatement costs. This may reflect
grandfathering of older plants, or differencesin abatement methods which make it easier to
measure costsin older plants. We aso find that plants having recent renovations may be a bit
less sensitive to abatement costs, but this effect is generally not significant.

Combining a production function analysis with the technol ogy, vintage, and renovation
measures (Tables 5-7), gives similar results to those found earlier. We still find thereisa
significant negative relationship between abatement costs and output, larger than would have
been expected if abatement costs were perfectly measured -- this relationship is once again
concentrated amost entirely in integrated mills. Also, older mills, and newly-renovated mills,
may be dlightly less affected by abatement costs. The production function part of the estimation
shows some variation across models, with the coefficients on the OLS-levels model
corresponding most closely to the input cost shares (especialy for capital, which gets much

smaller coefficients in the other models), and to constant returns to scale.
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These results have shown the importance of having policy-makers account for the
possibility of different impacts of regulation on plants employing different production
technologies. As shown above, accounting for differences across plants can substantially affect
estimates of the overall economic impact of abatement costs. Our results also suggest that
increased regulatory stringency might affect industry structure, if higher abatement costs put
integrated mills at a competitive disadvantage. Research seeking to understand why these large
differences in impact occur may provide deeper insights into the ways in which environmental

regulation affects productivity in the pulp and paper industry.
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TABLE 1

Summary Statistics

(N=1392)
VARIABLE MEAN STANDARD | DESCRIPTION
DEVIATION
TFP 89.303 22434 Total Factor Productivity
PAOC 1.493 1.162 Pollution abatement operating costs, divided by plant
capacity (2-year peak shipments)
PULP 0.457 0.498 =1 if the plant has pulping facilities
OLD 0.871 0.336 =1 if the plant was opened before 1960
RENOV 0.376 0.485 =1 if the plant had a major renovation project (2-year
investment > .8*capital stock) in past 3 years
OUTPUT 10.295 0.807 Log of real output adjusted for inventories
CAPITAL 10.324 1.150 Log of thereal capital stock
LABOR 6.776 0.768 Log of production hours
MATERIALS 9.997 0.768 Log of real materials
PULP =0 =1
PAOC 1.037 2.035
(0.919) (1.190)
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PRODUCTI VI TY/ TECHNOLOGY MODELS

TABLE 2

(dep var = TFP)

2a 2b

PACC -2.194% -0.751
(0. 805) (1.564)

PULP 9. 463"
(3.924)

PULP* PACC -3.760°
(1.831)

DYR80 -14.421*  -14.527°
(1.152) (1.191)

DYRS1 -10.741* -10.6882
(1.340) (1.358)

DYR82 -1.913 -1.833
(1.661) (1.671)

DYRS3 13. 4742 13. 7632
(1.561) (1.563)

DYR84 3.434° 3.537°
(1.455) (1.481)

DYRS5 21. 4442 21.7582
(2.143) (2.137)

DYR86 16. 6182 16. 7922
(1.931) (1.940)
DYRS7 3. 448° 3.380
(2. 045) (2.073)

DYR88 -9.717% -9.9932
(2.038) (2.086)

DYR89 -17.746%  -18. 0442
(2.253) (2.289)

DYR90 -20.880% -20.976°
(1.984) (2.016)

RSQUARE 0. 341 0. 354
ESTI MATOR oLs oLs

LEVELS LEVELS

(Robust Standard Errors)

All regressions include year
a =significant at the 1% evel or
b significant at the 5% evel or

2¢c

-0. 881
(0. 700)

17. 7672
(1.762)

22. 9752
(1.733)

29. 2312
(1.570)

4. 4607
(1.492)

31. 8052
(1.662)

9.520°
(1. 849)

1. 367
(1.928)

1.347
(1.604)
6. 2472
(1.715)

10. 8312
(1.524)

0.429
aLs

1-DI FF

dummi es

better
better
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2d

2.590°
(0. 902)

- 4.5782
(1.153)

17. 6502
(1.779)

22.779°
(1.748)

28. 8602
(1.573)

4. 4642
(1. 500)

31. 3752
(1.687)

9. 3792
(1.861)

1.351
(1.922)

1.341
(1.608)

6. 1572
(1.718)

10. 610°
(12. 053)

0.433
aLs

1-DI FF

2e

- 2. 464°
(1.160)

4. 6942
(1.628)

11. 828%
(1.431)

-14. 216°
(1. 485)

14. 2512
(1. 644)

-8. 1412
(1.814)

-17. 8802
(1. 920)

-16. 1012
(1.802)
-11. 8512
(1.457)

-6.198?
(1.418)

0.416

GW
1-DI FF

2f

2.105°
(1.076)

-6. 0672
(1.614)

4.497°
(1.624)

11. 3592
(1.426)

- 14. 215°
(1.502)

13. 9402
(1.662)

-8. 7122
(1.807)

-18. 1052
(1.915)

- 16. 4412
(1.802)
-11. 7322
(1. 462)

-6. 4522
(1.426)

0.417

GW
1-DI FF



TABLE 3

PRODUCTI VI TY/ VI NTAGE MODELS
(dep var = TFP)

3a 3b 3c 3d 3e 3f

PACC -3.546  -1.455  -3.066°  1.297 -3.573*  2.774
(2.420) (3.121) (1.591) (1.976) (1.828) (2.102)

PULP 8. 751°
(4.030)
PULP* PACC -3.958" -4, 3792 -6.1582
(1.799) (1.209) (1.683)
OLD -10.752¢ -9.917
(6.243) (6. 740)
OLD* PACC 1.867 1.459 2.503 1. 308 1.414 -0.621
(2.524) (2.755) (1.771) (1.858) (1.843) (1.929)
RSQUARE 0. 358 0. 369 0. 430 0. 433 0.414 0.418
ESTI MATOR aLs aLs aLs aLs GwW GwW
LEVELS LEVELS 1- Dl FF 1- Dl FF 1-DIFF  1-DI FF
(Robust Standard Errors)

regressions include year dunmm es

significant at the 1%l evel or better
significant at the 5%/l evel or better
significant at the 10% | evel or better

Imnimnn—ao

Al
a
b
c
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PACC

PULP

PULP* PACC

oD

OLD* PACC

RENOV

RENOV* PACC

RSQUARE

ESTI MATOR

(Robust Standard Errors)

Al'l regressions

a = significant
b = significant
c = significant

4a

-3. 2672
(0. 810)

- 0. 602
(4.076)

2.823°
(1.628)
0. 352

aLs
LEVELS

TABLE 4

PRODUCTI VI TY/ RENOVATI ON MODELS
(dep var = TFP)

4b 4c 4d 4e

-3.141  -0.861 1.782  -2.658°
(2.883) (0.813)  (1.931) (1.279)

8. 050"
(4.037)
-2.924° - 4. 7242
(1.765) (1.164)
-9. 499
(6.714)

1. 440 1.338
(2.772) (1.875)
-0.145
(3.933)

2.457  -0.074  -0.925 0. 633

(1.618)  (1.101)  (0.951)  (1.255)

0.378 0. 429 0. 433 0.411
aLs aLs aLs GW
LEVELS 1-DI FF 1-DI FF 1-DI FF

i ncl ude year dunm es

at the 1% | evel or better
at the 5% evel or better
at the 10% 1| evel or better
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4f

2.902
(2.217)

- 6. 246°
(1.745)

-0.567
(1.929)

-0.313
(1.317)

0.418

1-DI FF



TABLE 5
PRODUCTI ON FUNCTI ON/ TECHNOLOGY MODELS
(dep var = OUTPUT)
5a 5b 5¢ 5d 5e 5f 5¢g 5h

CAPITAL 0.120® 0.036  0.125° 0.108%® 0.037 0.035  0.034 0.023
(0.018) (0.024) (0.018) (0.020) (0.024) (0.024) (0.027) (0.026)

LABOR  0.188° 0.173* 0.190*® 0.185% 0.174%® 0.169°  0.195° 0.174%
(0.036) (0.055) (0.036) (0.035) (0.055) (0.054) (0.063) (0.064)

MATERI ALS 0.686 0.562% 0.687% 0.699° 0.563° 0.564%  0.549% 0.582°
(0.034) (0.063) (0.034) (0.034) (0.063) (0.063) (0.069) (0.068)

PACC -2.329% -0.647 -0.679 3.222* -1.800 3.430°
(0.842) (1.480) (0.679) (0.959) (1.075) (1.178)

PULP 11. 1382
(0.392)

PULP* PACC -3.932° -5. 1392 -6. 9472
(1.757) (1.179) (1.602)

RSQUARE 0. 948 0. 561 0. 949 0. 950 0. 561 0. 565 0. 551 0. 555

ESTI MATOR QLS aLs aLs aLs aLs aLs GW GW
LEVELS 1-Dl FF LEVELS LEVELS 1-Dl FF 1-DIFF  1-DI FF 1-DI FF

(Robust Standard Errors)

Al regressions include year dumm es

a significant at the 1% | evel or better
b = significant at the 5% 1| evel or better
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CAPI TAL

LABCR

MATERI ALS

PACC

PULP

PULP* PACC

OLD* PACC

RSQUARE

ESTI MATCR

(Robust St andar
Al'l regressions

a = significant
b = significant
c = significant

TABLE 6

PRODUCTI ON FUNCTI ON/ VI NTAGE MODELS
(dep var = OUTPUT)

6a 6b 6Cc 6d 6e
0.1162 0. 1022 0. 037 0. 035 0. 032
(0.019) (0. 020) (0.024) (0.024) (0.027)
0. 2122 0. 2062 0.1722 0. 1692 0. 1982
(0.036) (0.036) (0. 055) (0. 054) (0.063)
0.6812 0. 6932 0.5632 0. 5642 0. 5502
(0.034) (0.033) (0.063) (0.063) (0.069)
-3.901 -1.230 -2.818° 2.130 -3.810°

(2.481) (3.081) (1.667) (2.019) (1.728)

10. 1522
(3.971)
-4, 145" -4,9732
(1.745) (1.216)
12.303° -10.991
(6.555) (6.796)

2.184 1. 370 2. 450 1.106 2.372
(2.574) (2.739) (1.836) (1.888) (1.800)
0.951 0.951 0. 562 0. 566 0. 560
aLs aLs aLs aLs GW
LEVELS LEVELS 1- DI FF 1- DI FF 1- DI FF

d Errors)

i ncl ude year dunmm es

at the 1% | evel or better
at the 5% evel or better
at the 10% 1| evel or better

28

6f

. 022
. 027)
. 063)

. 5772

0
0
0. 1852
0
0
0. 069)

2.921
(2.119)

-7.027°
(1.776)

0. 643
(1.866)

0. 565

1- Dl FF



CAPI TAL

LABCR

MATERI ALS

PACC

PULP

PULP* PACC

OLD* PACC

RENOV

RENOV* PACC

RSQUARE

ESTI MATOR

TABLE 7

PRODUCTI ON FUNCTI ON/ RENOVATI ON MODELS

7a
0.1322 0
(0.019) (0
0. 1972 0
(0.036) (0.
0.6772 0
(0.035) (0
-3.615% - 3.
(0.983) (2.
8
(4
-3.
(1.
-10
(6
1
(2.
-0.621 -0
(4. 233) (4
3. 056° 2
(1.832) (1
0. 950 0.
aLs
LEVELS

(Robust Standard Errors)
Al regressions include year dumm es

a
b

significant at the 1% evel
significant at the 5%l eve

or
or

better
better
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(dep var = OUTPUT)
7b 7c 7d
. 1082 0. 035 0. 035
. 021) (0.024) (0.024)
.211° 0.1722 0.169?
036) (0.055) (0.054)
. 6822 0. 562° 0. 5642
. 035) (0.063) (0.063)
056 -0.961 2.028
866) (0.752) (1.980)
. 844°
. 058)
035°¢ -4.9012
723) (1.192)
. 820
.771)
498 1.010
742) (1.889)
. 002
. 036)
. 366 1.059 0. 197
. 717) (0.965) (0.842)
952 0.562 0. 566
as aLs aLs
LEVELS 1- Dl FF 1-Dl FF

7e

0. 029
(0.027)

0.181°
(0.063)

0. 5592
(0. 069)

- 2. 346"
(1.119)

1.792

(1.210)

0. 560

GW
1-DI FF

7f

0. 020
(0.027)

0.179°
(0. 063)

0. 5802
(0. 069)

2.528
(2.179)

-6. 7752
(1.771)

0. 640
(1.878)

0.597
(1.208)

0. 565

GW
1- DI FF



